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Objective: To investigate the distribution characteristics of pathogenic bacteria causing urinary tract infections in cervical cancer
patients undergoing intensity-modulated radiotherapy (IMRT). Furthermore, to explore the risk factors and predictive factors
associated with urinary tract infections, and to establish a personalized risk prediction model.

Methods: A retrospective study analyzed 160 cervical cancer patients undergoing intensity-modulated radiotherapy at the People’s
Hospital of Ningxia Hui Autonomous Region from 2020 to 2023. The clinical characteristics of the participants were collected, and in
combination with microbiological culture results, the distribution and drug resistance of pathogens causing urinary tract infections were
analyzed. Using logistic regression and multivariable logistic analysis, we established a predictive model that includes clinical variables.
Results: Urinary specimens were collected and analyzed from 52 patients with urinary tract infections. The incidence of urinary tract
infections in cervical cancer patients after radiotherapy in this study was approximately 32.5%, with the predominant pathogens
identified as E. coli, E. faecalis, E. faecium, and P. mirabilis. Invasive procedures (OR 4.202, 95% CI:1.003-17.608; P=0.050), history
of ureteral stent insertion (OR 7.260, 95% CI:2.026-26.016; P=0.002), Concurrent chemotherapy (OR 2.587, 95% CI:1.010-6.623;
P=0.048), and low serum albumin levels (OR 0.842, 95% CI:0.745-0.951; P=0.006) were identified as four key factors in the final
predictive model. The calibration curve indicated a consistent alignment between the predicted probabilities from the nomogram
model and the actual observed outcomes. With an AUC of 0.804 (95% CI: 0.727-0.881) for the ROC curve, the nomogram prediction
model demonstrated strong predictive performance.

Conclusion: E. coli remains the most common pathogen causing urinary tract infections in cervical cancer patients with IMRT. The
history of ureteral stent insertion, invasive procedures, concurrent chemotherapy, and serum albumin levels have been identified as
independent risk factors of urinary tract infections in cervical cancer IMRT patients. The nomogram prediction model based on these
factors can serve as a reference for clinicians to help prevent urinary tract infections.
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Introduction

Worldwide, cervical cancer ranks as the fourth most common cancer in women.' Radiation therapy (RT) plays a crucial role in
treating cervical cancer, helping to lower the risk of local recurrence and improve overall patient survival.>* With advances in RT,
high-conformal radiation coverage of the target volumes can be achieved while reducing the radiation dose to adjacent tissues
through intensity-modulated radiotherapy (IMRT).* Numerous clinical studies and dosimetric’® have shown that IMRT results in
reduced acute radiation toxicity compared to traditional radiation therapy, while still achieving outstanding local control.
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However, when radiation therapy is delivered to pelvic organs, involvement of the healthy parts of the bladder is
inevitable Regardless of the type of radiation therapy chosen, genitourinary (GU) toxicity is still a significant complication
associated with pelvic radiation therapy.® Early studies estimated that between 23% and 80% of patients experienced
symptoms of acute or early GU toxicity.”

There have also been reports of an association between urinary tract infection (UTI) and pelvic radiation therapy.
Bialis et al® demonstrated a 39% (22 out of 56) rate of UTI in patients receiving conventional pelvic radiation for cervical
cancer. Subsequent investigations looked at the rate of UTI in those treated for gynecologic malignancies alone, showing
UTI occurred in 40% of patients receiving brachytherapy’ and 33% of patients receiving brachytherapy plus External
Beam Radiation Therapy(EBRT)."’

UTT affect the quality of life of cervical cancer patients on one hand, and lead to intolerance or discontinuation of
radiotherapy on the other, thereby severely impacting the treatment outcomes. How to predict UTI and mitigate adverse
reactions is a key focus in the radiotherapy of cervical cancer. To date, no predictive models for urinary tract infections in
cervical cancer IMRT patients have been reported, which is worth further exploration.

Therefore, we analyzed the incidence of urinary tract infections and the distribution of pathogens in cervical cancer
patients following radiotherapy at People’s Hospital of Ningxia Hui Autonomous Region. Simultaneously, we established
a nomogram to predict the risk of urinary tract infections in cervical cancer IMRT patients. It would allow practitioners to
estimate the risk of infection, which could help prevent and control UTI in cervical cancer IMRT patients, thus improving
patient prognosis and reducing healthcare costs.

Methods
Study Design and Patients

This retrospective cohort study included cervical cancer patients who received IMRT at the People’s Hospital of Ningxia
Hui Autonomous Region from January 2020 to December 2023. The inclusion criteria were as follows: (I) primary
cervical cancer confirmed by pathology; (II) Cervical cancer patients with first UTI after radiotherapy; (III)complete
medical records. The exclusion criteria were: (I)urinary tract malformations;(IT)ureteral invasion; (Ill)a prior UTI before
treatment;(IV) immune system diseases, or Long-term use of immunosuppressants; Repeated bacterial colonies in the
same patient were excluded. Based on the inclusion and exclusion criteria, this study included clinical data from a total of
160 patients. UTI diagnoses were adjudicated by physicians based on the standardized definition outlined in the
evidence-based guidelines for the diagnosis and treatment of urinary tract infections."!

Microbiologic Studies

The susceptibility of the main pathogenic strains isolated from urine to commonly used antimicrobial agents, including
penicillins, cephalosporins, carbapenems, aminoglycosides, tetracyclines, macrolides, quinolones, and glycopeptides, was
determined using the Kirby-Bauer (K-B) and the MIC method. The antimicrobial susceptibility results were evaluated
according to the CLSI standards.'?

Data Collection and Establishment of the Model

Based on the factors mentioned in previous similar studies, we collected a total of 11 risk factors: age, comorbid
conditions (such as diabetes mellitus and hypertension), stage of cervical cancer, ECOG score, invasive urological
procedures (such as intubation or catheterization), concurrent chemotherapy, history of ureteral stent insertion, laboratory
test results (eg, albumin levels), planning target volume (PTV) and Bladder dose-volume histogram(DVH). The
pathogenic microorganisms and antimicrobial susceptibility results were also documented. The data were extracted
from the hospital’s information system. Patients with urinary tract infections were classified into the infection group

(n=52), while those without infections were placed in the control group (n=108).
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Statistical Analysis

Data were analyzed with the use of SPSS version 21.0 and R software (version 4.1.1). Qualitative data are presented as
percentages (%), while categorical variables are expressed as counts and corresponding percentages (%). Continuous
variables were tested for normality using the Kolmogorov—Smirnov test. Normally distributed data are presented as the
mean + standard deviation and were analyzed using a f-test. Nonnormally distributed data are expressed as medians
(interquartile ranges), and were assessed using the Mann—Whitney U-test.

Investigate the predictive factors in a multivariate logistic regression model based on variables with a p<0.05 in
univariate analysis, and report the odds ratios (OR) and 95% confidence intervals (CI). When OR<1, it indicates that the
exposure is associated with a decreased risk of UTL. If OR>1, it shows that the exposure is linked to an increased risk of
UTI. And OR close to 1 suggests that there is no substantial statistical association between the exposure and UTI risk.
P<0.05 were considered statistically significant. The variance inflation factor (VIF) was less than 5, indicating that there
was no multicollinearity among the independent variables. Variables with p<0.05 in regression analysis were selected to
establish a risk prediction model for urinary tract infections in cervical cancer patients using the nomogram method. The
predictive model was evaluated on three criteria: discriminatory capacity, calibration ability, and clinical effectiveness.
The ROC curve was used to test the predictive ability of the risk prediction model for UTI. The calibration curve and
Hosmer-Lemeshow test were used to evaluate its calibration ability. DCA was used to evaluate clinical efficacy.

Results
UTI Incidence and Pathogen Distribution in Cervical Cancer IMRT Patients

Of the 52 urine cultures included in this study, 61 samples were collected during the first episode of bacteriuria. The most
common isolates were Escherichia coli (E. coli) (49.18%), Enterococcus faecalis (E. faecalis) (9.84%), Enterococcus
faecium (E. faecium) (8.20%), and Proteus mirabilis (P. mirabilis) (8.20%). Detailed information can be found in Table 1.

Resistance of the Main Pathogens to Commonly Used Antibiotics

Of the 30 E. coli isolates, 76.67% were resistant to ciprofloxacin, and 66.67% were resistant to ceftriaxone. The majority
of E. coli and P. mirabilis, 26.67% and 60.0% respectively, were resistant to minocycline (Table 2). The majority of
E. faecium and E. faecalis, 100.00% and 50.00% respectively, were resistant to levofloxacin. Among the most common
Gram-negative, 70.0% (21/30) of E. coli isolates tested positive for extended-spectrum beta-lactamase (ESBLs), thus
exhibiting multidrug resistance.

Results of Univariate and Multivariate Analysis

The initial logistic regression analysis of 11 potential variables identified six predictors, including stage of cervical
cancer, concurrent chemotherapy, invasive procedures, history of ureteral stent insertion, Serum albumin, and PTV (as
shown in the Table 3). Subsequently, the multivariate logistic regression refined these into four independent predictors

Table | Classification and Constituent Ratio of Pathogens

Gram-Positive (n=16) | N (%) | Gram-Negative (n=45) | N (%)
Staph 2(3.28) | E. coli 30(49.18)
E. faecium 5(8.20) | P. mirabilis 5(8.20)
E. faecalis 6(9.84) | K. pneumoniae 3(4.92)
Streptococcus 3(4.92) | E. cloacae 2(3.28)
A. baumannii 3(4.92)
E. aerogenes 1(1.64)
C. fischeri 1(1.64)

Abbreviations: Staph, staphylococcus; E. faecium, Enterococcus faecalis; E. faecium,
Enterococcus faecium; E. coli, Escherichia coli; P. mirabilis, Proteus mirabilis; K. pneumoniae,
Klebsiella pneumoniae; E. cloacae, Enterobacter cloacae; A.baumannii, Acinetobacter baumannii;
E. aerogenes, Enterobacter aerogenes; C. fischeri, Citrobacter fischeri.
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significantly associated with the development of UTI: History of ureteral stent insertion (OR 7.260, 95%
CI:2.026-26.016; P=0.002), invasive operation (OR 4.202, 95% CI:1.003—17.608; P=0.050), concurrent chemotherapy
(OR 2.587, 95% CI:1.010-6.623; P=0.048), and Serum albumin (OR 0.842, 95% CI:0.745-0.951; P =0.006) (Table 4).

Table 2 Antimicrobial Resistance of Common Pathogens (%)

Antibacterial Drug

E. coli (n=30)

P. mirabilis (n=5)

E. faecium (n=5)

E. faecalis (n=6)

Penicillin - - 5(100.00) 0(0.00)

Ampicillin 24(80.00) - 5(100.00) -

Erythromycin - - 1(20.00) -

Furantoin - - - 0(0.00)

Cefazolin 19(63.33) 1(20.00) - -

Ceftriaxone 20(66.67) 1(20.00) - -

Ceftazidime 14(46.67) - - -

Cefoperazone/sulbactam | 2(6.67) - - -

Piperacillin/tazobactam 2(6.67) - - -

Ciprofloxacin 23(76.67) - 3(60.00) -

Levofloxacin 22(73.33) - 5(100.00) 3(50.00)

Meropenem 2(6.67) - - -

Imipenem 2(6.67) - - -

Amikacin - - - -

Aztreonam 14(46.67) - - -

Doxycycline 8(26.67) - - -

SMz 16(53.33) 1(20.00) - -

Minocycline 8(26.67) 3(60.00) - -

Tobramycin 8(26.67) - - -

ESBLs(+) 21(70.00%)

Note: “-” means not tested.
Abbreviations: SMZ, Sulfamethoxazole; ESBLs, Extended-Spectrum Beta-Lactamases.

Table 3 Univariate Analysis of UTI in Cervical Cancer IMRT Patients
Risk Factors Infection Non-Infection tly? P
Age (years) <60 38 83 0.271 0.602

>60 14 25
Hypertension I 17 0.712 0.399
Diabetes 5 3 3.455 0.063
Stage of cervical cancer -l 26 35 4.605 0.032
n-v 26 73
History of ureteral stent insertion 20 33.258 | <0.001
Invasive operation 12 12.578 | <0.001
ECOG score 0-2 50 106 0.573 0.449
3 2

Concurrent chemotherapy 33 97 16.001 | <0.001
Serum albumin 40.01+0.33 38.04+0.53 3.304 0.01
PTV 2400(1260, 4575) | 3880(1980, 4800) 0.018
Bladder DVH
V42 42 79 1.106 0.293
V45 10 29

Abbreviations: ECOG, Eastern Cooperative oncology Group; PTV, planning target volume; DVH, dose-volume histogram.
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Table 4 Multivariate Logistic Analysis of UTI in Cervical Cancer IMRT Patients

Variable B SE | Wald P OR 95% CI
Stage of cervical cancer —0.207 | 0.465 | 0.198 | 0.657 | 0.8I3 0.327-2.022
History of ureteral stent insertion 1.982 | 0.651 | 9.267 | 0.002 | 7.260 | 2.026-26.016
Invasive operation 1.436 | 0.731 | 3.857 | 0.050 | 4.202 | 1.003-17.608
Concurrent chemotherapy 0.950 | 0.480 | 3.924 | 0.048 | 2.587 1.010-6.623
Serum albumin —0.172 | 0.062 | 7.691 | 0.006 | 0.842 | 0.745-0.95I
PTV 0.000 | 0.000 | 1.408 | 0.235 1.00 1.000-1.000
Constant 4.623 | 2480 | 3.475 | 0.062 | 101.8I

Predictive Model Construction and Validation

Based on these four independent predictors, we developed a nomogram for individualized assessment of UTI risk. The
model’s formula integrated the weighted contributions of each predictor: logistic (risk score)=5.31+2.15%history of
ureteral stent insertion+1.31xinvasive operation+1.06xconcurrent chemotherapy-0.18xserum albumin. The higher total
scores calculated from the sum of the appointed points for each prognostic indicator in the nomogram, the higher the risk
of infection (Figure 1).

The AUC was used to evaluate the discriminatory capacity of the predictive model, and the nomogram demonstrated
good accuracy in estimating the risk of UTL. The AUC of ROC was 0.804 (95% CI 0.727-0.881) (Figure 2A). The
predicted probability curve of the model was close to the actual curve, and its distribution was not far from the ideal
curve, suggesting that the model for predicting infection had good consistency, which was confirmed by the Hosmer-
Lemeshow test (P= 0.522)(Figure 2B). Decision curve analysis, as shown in Figure 3, indicates that within the specific
probability threshold range of 0.1-0.9, using this model may lead to greater net benefits compared to the “All” and
“None” strategies.

Discussion
In this study, we propose a valuable clinical tool to predict the possibility of urinary tract infection in Cervical cancer
radiotherapy patients. Our study is the first to develop a nomogram with four features to predict UTI risk in cervical
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Figure | Nomograms predicting UTI of cervical cancer patients with radiotherapy. Usage: Based on the patient’s various data and conditions, select the corresponding
points. Subsequently, calculate the total score by summing up all these points. Finally, find the corresponding UTI prediction probability on the risk axis by moving vertically
downward according to the total score value.
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to assess the predictive performance of the nomogram. The “ideal line” indicates that the predicted probabilities of the clinical prediction model constructed under ideal
conditions are completely identical to the actual probabilities. The “apparent line” and the “bias-corrected line” both reflect the degree of agreement between the predicted
probabilities of the nomogram clinical prediction model and the actual probabilities in this study.

0.35
All
— None
0.30 — Model
0.25
€ 0.20
=
]
@ 0.15
Z
0.10
0.05
0.00
0.0 0.2 0.4 0.6 0.8 1.0

High Risk Threshold

Figure 3 DCA (Decision Curve Analysis) is used to explore the clinical benefits, with the threshold as the horizontal coordinates and the net benefit as the vertical
coordinates. The green line represents patients without UTI; the red line indicates patients with UTI; the blue line shows the net benefit of the UTI model at different risk
thresholds. The DCA curve indicates that within the specific probability threshold range of 0.1-0.9, using this model may lead to greater net benefits compared to the “All”
and “None” strategies.

cancer patients with radiotherapy. History of ureteral stent insertion, invasive procedures, serum albumin and concurrent
chemotherapy into a nomogram could help forecast the risk of UTI for these patients. This tool enables physicians to
systematically assess individual risk factors and predict UTI likelihood, supporting more personalized and preventive
therapeutic strategies.

Several studies'®'*'? have investigated the risk factors for UTI in IMRT patients. Previously identified risk factors
for UTI include clinical stage and invasive procedures. Other risk factors include concurrent chemotherapy, diabetes, and

ureteral stent insertion. In addition to these factors, we also included other factors, such as serum albumin levels.
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Albumin is the most abundant plasma protein and is closely related to combining and transporting inflammatory
mediators and regulating inflammatory response.'>'® Wang Jing et al proved that with the decrease of hypoproteinemia
level, it was positively associated with the occurrence of sepsis and septic shock.'” Our study showed that radiotherapy
patients with higher serum albumin levels were associated with a 15.8% lower risk of urinary tract infection (OR=0.842).
The findings from our study further indicated that when patients experienced hypoproteinaemia at the time of radio-
therapy, clinicist should have recognized this as a marker of diminished immune function and a heightened risk for
developing UTIs. The current analysis showed an OR of 2.587 for concurrent chemotherapy exposure by UTI patients
versus controls, supporting the findings of previous studies.'®""

Ureteral stent, as an allogeneic implant, is prone to forming a urinary regulatory membrane.”® This regulatory
membrane can facilitate bacterioplankton adherence through electrostatic interactions and bacterial adhesins, contributing
to bacterial colonization within the urinary tract, potentially leading to infections.?' In this study, among 25 patients with
ureteral stent placement, bacteria were detected in the urine in 20 patients. Consistent with other studies,*** the risk of
urinary tract infection in patients with ureteral stent placement is 7.26 times higher than that in patients without ureteral
stent placement. Our study results indicate that there is a significant difference in the incidence of UTI between patients
who have undergone invasive procedures and those who have not (P=0.050, OR=4.202, 95% CI 1.003—17.608). This
difference may be related to the disruption of the normal physiological and immune environment of the urethra caused by
invasive procedures.”* Additionally, invasive procedures may also impede the natural flushing action of urine on urinary
tract bacteria,>> thereby increasing the risk of infection. Among radiotherapy patients, there are no significant association
between PTV, Bladder DVH and the incidence of urinary tract infections.

In addition to developing a predictive model, bacterial cultures and antibiotic resistance profiles were analyzed in
cervical cancer patients undergoing radiotherapy to assess urinary tract infections.

The microorganisms most frequently isolated in our study were E. coli. E. coli surface P?® and type I pili*’ and
adhesin adhesion to the surface of urethral epithelial cells, become the prerequisite for E coli urinary tract infection.?®
E. faecium is the most detected Gram-positive coccus among the pathogens, second only to E. coli, and its resistance rate

to penicillin and levofloxacin exceeded 50%. Hola et al*’

reported that E. coli and E. faecalis were the most common
pathogenic bacteria associated with uropathogenic biofilms.

This study has several limitations that may impact the generalizability of our findings. Firstly, it is retrospective in
nature, relies on data from a single tertiary hospital cohort, and may be subject to selection bias. Finally, since this study
was limited to inpatients, the incidence of urinary tract infections in patients followed up outside the hospital was not
included. Moreover, there was insufficient information on patients’comprehensive radiological data, such as the total
radiation dose, dose per fraction,* which could be relevant to UTI development. Further studies are needed to investigate
the relationship between UTI in radiotherapy patients and these variables.

In conclusion, the incidence of urinary tract infections in cervical cancer patients after radiotherapy in this study was
approximately 32.5%. Our findings indicate that E. coli, P. mirabilis, E. faecalis and E. faecium are the predominant
pathogens. We have developed and validated a novel nomogram incorporating four clinical parameters that effectively
predicts UTI in cervical cancer IMRT patients. This model, with its excellent calibration performance and outstanding
performance in actual clinical applications, is expected to become a powerful tool for clinicians to predict risks. It
represents an important step forward in the early identification and management of the risk of urinary tract infections in
cervical cancer patients undergoing radiotherapy. However, further validation through external testing is still needed to
confirm its effectiveness.

Ethical Approval

The study was approved by the ethical committee of the People’s Hospital of Ningxia Hui Autonomous Region
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